Selection of treatment technologies without considering the environmental, economic and social factors associated with each geographical context risks the occurrence of negative impacts that were not properly foreseen, working against the sustainable performance of the technology. The principal aim of this study was to evaluate 12 technologies for decentralized treatment of domestic wastewater applicable to peri-urban communities using sustainability approaches and, at the same time, continuing a discussion about how to address a more integrated assessment of overall sustainability. For this, a set of 13 indicators that embody the environmental, economic and social approach for the overall sustainability assessment were used by means of a target plot diagram as a tool for integrating indicators that represent a holistic analysis of the technologies. The obtained results put forward different degrees of sustainability, which led to the selection of: septic tank þ land infiltration; up-flow anaerobic reactor þ high rate trickling filter and septic tank þ anaerobic filter as the most sustainable and attractive technologies to be applied in peri-urban communities, according to the employed indicators.
INTRODUCTION
Water pollution can be generated from natural sources or human activities, but recently, the most important is undoubtedly, human activities (Aleem & Malik ) . Urbanization produces great volumes of wastewater (Rona et al. ) , becoming domestic wastewater in peri-urban communities, one of the biggest polluters of land and marine waters (Eggen et al. ) .
Currently, this problem not only persists, but also increases each day, attracting the attention of international organizations related to the quality of water resources and mainly urging underdeveloped countries, to establish solutions that enable proper management of wastewater and the lack of clean water with the aim of reducing water related diseases (Stalter et al. ) . Given the magnitude of the problem, the international scientific community has adopted policies to decentralize wastewater treatment in peri-urban communities, considering these more sustainable (Mara ; Zamalloa et al. ) . To achieve the benefits provided by the decentralized approach, one of the premises is the correct selection of the technology to be used, with the typical associated problems, such as the establishment and implementation of foreign standards and the use of technologies not adapted to the realities of the country and communities in question (von Sperling & de Lemos Chernicharo ) .
The selection of wastewater treatment technologies without consideration of the associated geographical context, environmental, economic and social factors risks the occurrence of negative impacts that were not properly planned for, thus undermining the sustainable performance of the technology. For this reason, new analysis tools are being introduced, which examine the technologies, and help the decision making process in choosing the best technology from a more sustainable point of view (holistic treatment). Several lists of sustainability indicators have been proposed to evaluate wastewater management and technologies (Balkema et al. ) . These studies were based on a wide and multidisciplinary set of indicators; nevertheless, they have focused on the evaluation of a treatment technology and not on comparison between them.
Other studies measure the environmental and/or economic problems that wastewater treatment causes (Dixon et al. ) without considering social problems; for this reason, they do not evaluate the integral sustainability (Mihelcic et al. ) . It is also recognized that there are several methodologies to select sustainability indicators, such as that of the Organisation for Economic Co-operation and Development (Hák et al. ) . Nevertheless, there are some problems with its application, especially in the selection and use of the environmental sustainable indicators. These methodologies have been developed for application at national or global level, and the indicators are difficult to quantify. In this context, Muga & Mihelcic () set out the beginning of this perspective. Currently, however there are only a few studies that have compared different wastewater technologies by gathering indicators in ecological, economical and social groups for sustainability assessment as a whole (Estrada et al. ; Molinos-Senante et al. ) . A major limitation of assessing sustainability based on a set of indicators is that the value of each indicator relates separately to each sustainability issue; therefore, the results do not measure global sustainability (Lozano-Oyola et al. ). However, this could be solved by putting all the indicators together through a composite indicator obtained mathematically (Merz et al. ) , which would provide a multidimensional assessment of sustainability (Molinos-Senante et al. ).
For this reason, a group of indicators were chosen that provide a holistic sustainable evaluation of different decentralized wastewater treatments applying to urban and periurban communities.
MATERIAL AND METHODS

Selection of wastewater treatment technologies
This work evaluated 12 decentralized domestic wastewater treatment technologies applicable to peri-urban communities using sustainable criteria. To complete the principal aim of this work, a set of 13 indicators was used, which incorporated environmental, economic and social approaches for the sustainability measure of each technology. The target plot diagram was used as a tool to integrate environmental, economic and social indicators, which represent a more holistic analysis. Twelve decentralized domestic wastewater treatment technologies were analyzed, considering how to obtain good quality effluent, according to Cuban wastewater discharges to rivers of class C regulation (Table 1) . Other criteria considered were: global trends in both developed and underdeveloped countries, focused on small systems; the applicability of technologies; area requirements; operation and maintenance costs; investment cost; use of more compact treatment systems that combine efficient technologies with low energy consumption.
The interaction between environmental, economic and social sustainability suppose the search for a balance between economic efficiency, social equity and natural protection (Hilty et al. ; Molinos-Senante et al. ) , assessed through environmental, economic and social indicators.
There is a wide set of indicators for evaluating wastewater technologies management (Ashley et al. ) . However there is a lack of indicators for assessing the performance of these technologies, although several approaches have been developed to evaluate its sustainability (Ashley et al. ) . Nevertheless, in peri-urban areas, the high costs of users have been used to choose between different wastewater technologies (Acreman ), meaning that the monetary criterion prevails over the rest; for this reason, the selection of indicators was made by taking account of international literature to select the most appropriate. In general, these indicators should be: (i) widely recognized by the scientific community; (ii) transparent; (iii) pertinent, covering crucial aspects of sustainable (Niemeijer & de Groot ) . Based on the above criteria, several indicators were selected, which are presented in Table 2 with their units of measure. Nevertheless, it is necessary to understand that the selection and interpretation of these indicators are in a specific geographical context.
Sustainability assessment of wastewater treatment technologies
The sustainability of wastewater treatment systems has been evaluated by different methods (Balkema et al. ; Mihelcic et al. ) , including exergy analysis, life cycle assessment, decision analysis and environmental impact study (Donnelly et al. ) as tools for assessing progress towards sustainability. For these, a group of indicators were chosen and grouped into ecological, economic and social systems. The sustainability assessment was realized using the methodology built on multi-objective optimization using sustainability indicators ( The procedure for the assessment of sustainability is as follows: indicators for each technology were rated according to the value obtained from the literature review during the operation of the technology. This value has a closer relationship to the negative impacts that this technology generates than to the system to which it belongs, whether ecological, economic or social in this case. To compare the technologies, a scale transformation of each indicator to a single scale of 1-5, which was established during the evaluation process, is performed for each technology. This is a necessary procedure to establish ranges where the negative impacts could be assessed as low (1), medium (3) or high (5).
The range preparation for the appraisal of the impacts included three intervals. Interval 1 comprised the lowest value plus the step, and so on for the other intervals. Interval 1 included the impacts categorized as low, interval 2 where impacts categorized as medium, and interval 3 represents where impacts are classified as high.
In the case where one technology had an indicator more sustainable for a lower value, if the value was in interval 1, then this indicator would have low negative impact generation and was rated 1. In case of a value in interval 2, then the impact generation would be medium in comparison with the other technologies and would be rated 3. Finally, if the value was in interval 3, then the impact generation would be high and this indicator would be rated 5. In a case where an indicator was more sustainable for a higher value then it is rated otherwise, i.e., if the value was in interval 1, then this indicator would have high negative impact generation and would be rated 5. If it was in interval 2, impact generation would be medium in comparison with other technologies and it would be rated 3. Finally, if the value was in interval 3, then the impact generation would be low and this indicator would be rated with 1. Afterward, all indicators and their appraisal were plotted on a target plot diagram for each technology. In this case, the area of each diagram was related to all the negative local environmental impacts that each technology causes to the peri-urban community, according to the indicators analyzed. Those technologies with the lowest area would be the ones that generate minor negative impacts and thus would be selected as the most sustainable technologies to apply in the peri-urban community, in comparison to the others. The target plot diagram and the sustainability indicators are shown in Figure 1 . In this case, the radius of the circumference of 3 cm with an angle of 27.69 W was used for the area determinations.
RESULTS AND DISCUSSION
As shown in Table 1 , the wastewater technologies were grouped in intensive and extensive treatments, and also grouped according to the type of treatment, such as lagoon treatments (1-4), land disposal treatments (5 and 6), as well as mechanical treatments (7-12). These classifications were made according to Muga & Mihelcic () for better comparison among these technologies.
Environmental evaluation
The values obtained for the environmental indicators of the 12 decentralized domestic wastewater treatment technologies analyzed are shown in Table 3 .
The requirement of area is a parameter that is closely linked to the impacts generated by treatment plants. If the requirement area is increased, there will be major problems of compaction and soil pollution. According to Table 3 , the mechanical systems and intensive treatment (7-12) have lower area requirements than lagoon systems (1-4) and disposal systems to the field (5 and 6), These systems need lower retention times to obtain an effluent with the same quality, for which a lower area requirement is needed (Mara, ; Metcalf et al.
; Crites et al. ).
Energy use is a parameter that is closely linked to the operational requirement. The aeration stage is the most energy consuming, and from an environmental point of view, energy consumption is related to global environmental problems. As depicted in Table 3 , the processes that consume energy during aeration are the completely mixed aerated lagoon þ sedimentation lagoon (CMAL þ SL), conventional activated sludge (CAS) and extended aeration (EA). The Muga & Mihelcic (2008) . RA: requirement of area, EU: energy use, BOD-R: BOD removal, TSS-R: total suspended solids removal, TN-R:
total nitrogen removal, RCB: removal of total coliform, Sludge-G: sludge generation, Odors-G: odors generation, noise-G: noise generation.
mechanical treatment systems such as activated sludge, extended aeration and trickling filters consume more energy than lagoon systems; therefore, these treatment systems produce greater negative impacts, based on fossil fuel consumption. Biochemical oxygen demand (BOD) is one of the fundamental parameters analyzed to determine the proper functioning of a treatment plant and the acceptance or not of a technology. In general, the mechanical systems (7-12) show a high percentage of removals in comparison with lagoon systems (1-4). In these systems, an increase in the BOD removal is achieved by employing agitation and support techniques that increase the oxygen concentration, which favors the contact between the biodegradable organic matter and microorganisms, lowering the retention time.
The systems that achieved higher BOD removal percentages were septic tank þ land infiltration (ST þ LI) and EA, It is noteworthy that ST þ LI obtained 91% of BOD removal, comparable only to the mechanical system EA, in this case due to the direct contact of the residue with the ground (a plethora of microorganisms can degrade organic matter during residual contact the soil while other physical and chemical processes such as filtration, adsorption and oxidation-reduction take place at the same time (Muga & Mihelcic ) ).
The total suspended solids (TSS) represent important constituents of peri-urban wastewater communities. They are responsible for limiting the penetration of light into receiving waters and the generation of anaerobic conditions (Mara ; Crites et al. ). Higher removals of TSS will lessen the negative impacts on the environment. The ST þ LI had the highest percentage removal (86%) comparable only with the mechanical systems: up-flow anaerobic sludge blanket þ high rate trickling filter (UASB þ HRTF), CAS, EA, low rate trickling filter (LRTF) and rotating biological contactor (RBC).
Total nitrogen is the most difficult component to remove from domestic wastewater. Among the negative impacts associated with increased total nitrogen concentration should be mentioned the eutrophication of natural waters, the increase in red and brown tides and loss of biodiversity. As shown in Table 3 only two technologies allow removal of TN, UASB þ overland flow (OF) and ST þ LI. In this case, the two technologies correspond to extensive treatments available to the field (Metcalf et al. ). The removal percentage of other technologies was almost zero. Use of these technologies to comply with regulations of dumping is not recommended (von Sperling & de Lemos Chernicharo ).
The total coliforms (fecal coliforms, FC) indicate that the water has been in contact, or is contaminated with animal feces. The environmental impacts associated with the FC are framed in the morbidity and mortality for infective diseases acquired by the population in contact with contaminated water.
It is noteworthy that land disposal treatment systems such as ST þ LI are able to remove up to 5 uLog of most probable number (MPN)/100 ml. In the case of lagoon systems, the removal of FC is linked to the type of operation and the retention time (Mara ; Metcalf et al. ; Crites et al. ); for that reason, the anaerobic pond þ facultative pond (AP þ FP) technology removed 3 uLog of MPN/100 ml, while FP removed 2 uLog of MPN/100 ml.
The sludge generated by the wastewater treatment technologies becomes a hazardous waste difficult to handle, especially in cases that contain heavy metals and other compounds. The technologies that generate smaller amounts of this residue are preferred. In Table 3 , the technologies composed of lagoon systems (1-4), as well as land disposal (5 and 6), generated less sludge than mechanical systems (7-12).
Odors and noise pollution in peri-urban communities are critical environmental problems, which interact with other socio-economic and environmental problems. The technologies of wastewater treatment, despite how well they were designed, may generate odors as a byproduct of the treatment process, impacting nearby communities. The land disposal treatment technologies had the lowest odor emissions in comparison with the mechanical and lagoon systems. Odor problems occur mainly in pumping stations and the inputs and outputs of the treatment process. The odor emissions of lagoon systems may also be due to excessive overloads or accumulation of foam on the surface. In general, the mechanical systems appear to be those that have the greatest potential for odor emission, followed by lagoon systems and land disposal treatment systems (Muga & Mihelcic ) .
Among the negative impacts are those associated with an increase in the stress of operators and persons located near to the technology (Tchobanoglous et al. ) . As shown in Table 3 : the technologies based on lagoon systems (1-4) present noise generation between low and medium with low prevalence; the land disposal systems (5 and 6) present low noise generation; and mechanical systems (7-12) from low to high, with a prevalence of high value, associated with the mobile mechanisms coupled to the pumping systems, blowers and agitators, which are present in greater numbers in mechanical systems with respect to the remaining systems.
Economic and social evaluation
As depicted in Table 4 , the capital cost is an indicator that very often determines the selection of an alternative-even more so in those countries where there are economic problems that will enable financial investment in a treatment plant (von Sperling & de Lemos Chernicharo ). The direct costs associated with mechanical systems are the most significant, including technological equipment and civil construction.
As can be seen in Table 4 , the (LRTF) and (RBC) technologies had the highest capital cost (55.0 USD/ inhabitant); however, the lagoon system and AP þ FP had low capital costs with 21.0 and 22.5 USD/inhabitant, respectively. These results are associated with the technical complexity of the mechanical systems in comparison with the remaining systems.
The cost of operation and maintenance includes the labor, energy consumption, purchase of chemicals and replacement of equipment. Table 4 shows that the cost of operation and maintenance of mechanical systems (7-12) is about 2.1 times higher than a lagoon system and 1.6-2.4 times higher than treatment in the field. The technical complexities of mechanical systems lead to increasing maintenance frequency in comparison with the other systems.
In terms of social indicators, public participation is an issue that is often abandoned in the selection of more appropriated wastewater treatment technology for a particular community (Muga & Mihelcic ) .
Although social sustainability can be assessed by quantitative and qualitative criteria, with a few exceptions, the social dimension is not incorporated in the sustainability assessment despite the social aspect being one of the main elements of sustainability in the implementation of technology -especially in cases, when the end-users are directly involved, as in water use, sanitation, and smallscale on-site treatment (Balkema et While some methodologies indicate a specific technology as the best to be applied, the perceptions and preferences of the population for the selection and application of a particular technology could be crucial, given that the technologies will be integrated into the sustainability concerns of the community. This work recognized the need to reflect this indicator, despite the lack of information about community perception, so the indicator 'acceptance by community' was evaluated as high for all the technologies, considering that the presence of any treatment technology would be beneficial in comparison to a community without wastewater treatment technologies.
Is worth mentioning that the concept of sustainable development alludes to an interrelation of the ecological, economic and social dimensions, therefore the indicators are a way to evaluate how sustainability is achieved. This means that the inclusion of an indicator into one or The personnel requirement is another valuable indicator, increase the number of staff in facilities increases workforce demand and this become a benefit for communities. As shown in Table 4 , the lagoon systems (1-4) and treatment in the field (5 and 6) require fewer persons for operation; meanwhile, mechanical systems require a greater number of persons due to the need to maintain these systems within required operating parameters. The treatment plant that requires most people is CAS as these systems are very sensitive to change and a small disturbance affects the quality of the effluent (Mara ; Crites et al. ). 
h) up-flow anaerobic reactor þ high rate trickling filter (UASB þ HRTF), (i) conventional activated sludge (CAS), (j) extended aeration (EA), (k) low rate trickling filter (LRTF) and (l) rotating biological contactor (RBC). The qualifications were obtained by integrating environmental, economic and social indicators (1-requirement of area; 2-energy used in aeration; 3-BOD removal; 4-TSS removal; 5-TN removal; 6-CF removal; 7-sludge generation; 8-odor generation; 9-noise generation; 10-capital cost; 11-operation and management cost; 12-acceptance by the community; 13-staff required.
Sustainability assessment integrating environmental, economic and social indicators
As seen, the environmental, economic, and social sustainability of wastewater treatment technologies differs for each of the indicators analyzed, making it impossible to arrive at accurate conclusions of which technology is more sustainable, but a deep analysis of these indicators is performed.
Aiming to compare results and show sustainability as a whole, the results using the target plot diagram were realized (Figure 2) .
The areas inside the target plot diagram make it easy to determine which points are far from the center and require attention as these generate major negative impacts on the community. They also allow quick visual comparisons to determine which treatment technologies are more attractive from a holistic point of view. The technologies that present a reduced chart area are the most sustainable and so generate fewer negative impacts.
According to the results obtained for the 12 technologies under discussion, it can concluded that ST þ LI is the one with the smallest area, making it the most sustainable, taking into account the environmental, economic and social indicators that were used for this study. The combinations of aerobic and anaerobic systems are more attractive and more sustainable to be applied to peri-urban communities. From the impact area determined for each alternative, it can be noted that the technologies with lower area and negative impacts in ascending order are: ST þ LI, UASB þ HRTF, UASB þ OF and ST þ AF (Table 4) , which is why it could be concluded that these variants are the most suitable to be applied for the treatment of domestic wastewater in peri-urban communities, according to indicators of sustainability and integrating environmental, economic and social criteria. Clearly, the assessment of the sustainability of decentralized treatment technologies for domestic wastewater in peri-urban communities, by means of the target plot diagram, has allowed a holistic analysis of the selection of treatment technologies.
CONCLUSIONS
This paper presents the sustainability assessment of 12 decentralized treatments of domestic wastewater under environmental, economic and social criteria. With the aim of incorporating desirable holistic criteria into the analysis and overcoming limitations that involve the separation of the indicators, a target plot diagram and impact area determination were used as tools for integrating all indicators in one diagram, and one indicator (impact area), which provided a multidimensional assessment of sustainability. The results showed the sustainability of a wastewater treatment technology through the target plot diagram and impact area as a whole in terms of economic, environmental and social indicators is a useful tool for providing decision makers with an easy comparison and interpretation of many different technologies in order to select the most suitable to be applied (taking into account the geographic scope and demographic situation).
This paper also aims to continue a discussion about how to address a more integrated assessment of the overall sustainability of decentralized wastewater treatment technologies in peri-urban communities, since the traditional indicators of sustainability have neglected social aspects.
The results showed that ST þ LI, UASB þ HRTF, UASB þ OF and ST þ AF are the most sustainable for peri-urban communities. Treatment technologies that cause fewer negative impacts are the land disposal treatment followed by lagoon systems and then the mechanical systems.
